The analysis of Tully's groups of galaxies belonging to the Local Supercluster (LSC) was performed. In the 1975 Hawley and Peebles [1] presented the method for investigations of the galaxies orientation in the large structures. In our previous papers [2, 3] statistical test proposed by Hawley and Peebles for investigation of this problem was analyzed in details and some improvements were suggested. On this base the new method of the analysis of galactic alignment in clusters was proposed. Using this method, God lowski [4] analyzed the orientation of galaxies inside Tully's group founding no significant deviations from isotropy both in orientation of position angles and δ D and η angles as well, giving the spatial orientation of galaxy planes. In the present paper we examined carefully and methodically the dependence of alignment in Tully's groups on morphological type of galaxies. Moreover, we discussed the consequences of different approximation of "true shape" of the galaxies for different morphological types, possible influence of this problem for investigation of spatial orientation of galaxies. In addition, we discussed the implications of the obtained results for the theory of galaxy formation as well.
Introduction
The aspect of structure formation in the Universe is one of the crucial problem of the modern extragalactic astronomy and cosmology. Moreover, since different scenarious of structure formation predicts different orientations of galxies belonging to that structures [5, 6, 7, 8, 9, 10, 11, 12, 13] , the investigation of the orientations of galaxies planes is regarded as a standard test of galaxies formation scenarios.
An interesting aspect of this problem consists in analysing the orientation of galaxies inside the galaxy structures. For the latest review of this problem see [14] . The very important question is whether exists the dependence on the alignment to the mass of the analyzed structure or not. God lowski et al. [15] suggested that alignment of galaxies in cluster should increase with the number of a particular objects in the individual cluster. That hypothesis was confirmed qualitatively by Aryal et al. [16] . God lowski at al. [2] verified this suggestion analysing sample of 247 rich Abell clusters using statistical tests and found out that alignment increases with the richness of the clusters.
Another aspect of this problem concerns with the orientation of galaxies in less massive, poor galaxy structures -groups of galaxies. It also should be noticed that for groups and clusters of galaxies there is no evidence of rotation. Moreover, Hwang and Lee [17] examined dispersions and velocity gradient of 899 Abell clusters and found a possible rotation in only six of them. Thus, any non-zero angular momentum of groups and clusters of galaxies would just come from possible alignment of galaxy spins.
The orientation of galaxies in clusters was investigated many times. Thompson [18] found alignment of galaxy orientations in the Virgo and A2197 clusters. Adams [19] discovered a bimodal distribution of galaxy orientations by examining the combined data for seven galaxy clusters (A76, A179, A194, A195, A999, A1016, A2197). The orientation of principal axes of the clusters corresponded with one of those maxima. Helou and Salpeter [20] , studying 20 galaxies belonging to the Virgo cluster, found that their spins are not directed in random, however the nature of this nonrandom distribution was not too clear. MacGillivray and Dodd [21] investigated the distribution of orientation of galaxies in the Virgo cluster and showed that the galaxy planes are perpendicular to the direction towards the clusters center, i.e. the galaxies rotational axes are aligned towards that center.
On the other hand, Bukhari [22] as well as Bukhari and Cram [23] studying orientation of galaxies within clusters, did not recognize any alignment. Han et al. [24] probed a region of the LSC with an enhanced density galaxies. They analyzed a sample of 60 galaxies with well-known spins founding no alignment. Flin and Olowin [25] Trevese et al. [26] and Kim [27] investigating isolated Abell clusters, detected just rudimentary traces of alignment. The similar results were obtained by Torlina et al. [28] from studies of the Coma cluster and its vicinity. Gonzalez and Teodoro [29] interpreted the alignment of just the brightest galaxies within a cluster as an effect of action of gravitational tidal forces.
Summing up the results obtained by various authors, it can be stated that we have no satisfactory evidence to support the galaxy axis alignment in the groups and poor clusters of galaxies, while there is ample evidence of this kind for the rich clusters of galaxies. Additionally, it is obvious that in the isolated Abell groups the brightest galaxies manifest a rudimentary alignment, [25, 26, 27] while in the most numerous clusters a non-random galaxy orientation alignment was found [16, 30, 31, 32, 33, 34] .
The alignment of galaxies in the Tully's groups of galaxies [35] was analyzed for the first time by God lowski and Ostrowski [36] . For each cluster they studied the ∆ 11 parameter describing the galactic axes alignment with respect to a chosen cluster pole, divided by its formal error σ(∆ 11 ) (s ≡ ∆ 11 /σ(∆ 11 )). The cluster pole coordinates change along the entire celestial sphere. The resulting maps were analyzed for correlations of their maxima with the important points on the maps. It was found that maxima correlate well with the direction of the line of sight. God lowski and Ostrowski [36] concluded that this strong and systematic effect, was generated by the process of galactic axis de-projection from its optical image, is present in the catalogue data.
Tully's groups were investigated again by God lowski et al. [15] . In that paper it was found that the groups do not exhibit a clear evidence for existence of the alignment in the investigated structure. However, they concluded that the observational effect generated by the process of de-projection of galaxies [36] and later confirmed by [30, 31] , mask any possible alignment with a high degree. For that reason the more detailed studies of the orientation of galaxy in Tully's groups of galaxies were required. In the paper by God lowski [4] it was shown that using "true shape" i.e. true axis ratio of galaxies q 0 depending on morphological type according to Heidmann et al. [37] [hereafter HHV] with help of Fouque & Paturel [38] [hereafter FP] corrections of q to standard photometrical axial ratios, allowed us to avoid this problem. This gives much more powerful investigations of the spatial orientation of galaxies.
Moreover, using new method of the analysis of the galactic alignment in clusters proposed by [3] on the base of statistical test proposed by Hawley and Peebles [1], God lowski [4] analyzed the orientation of galaxies inside Tully's groups founding no significant deviation from isotropy both in orientation of position angles and δ D and η angles giving the spatial orientation of galaxy planes. In the present paper we analyzed the dependence of the alignment in Tully's groups on morphological type of galaxies.
Observational data
We analyzed the alignment of galaxies in galaxy groups belonging to the LSC. Groups were taken from Tully Nearby Galaxies (NBG) listed in the Catalogue [35] . This Catalogue contains 2367 galaxies with radial velocities less than 3000 km s −1 which give the posibility of remove the background objects. Tully's Catalogue provides relatively uniform coverage of the entire unobscured sky [39] . Catalog do not contain the information about position angles of galaxies. It is the reason that position angles were taken from [40, 41, 42, 43] while some missing measurements were made on Palomar Sky Survey prints by Flin [44] . The NBG Catalogue gives the group affiliation for the galaxies belonging to the catalogue. In our opinion, the groups extracted from the NBG Catalogue are one of the best selections with precise criterion of groups membership. The galaxy distances are based on velocities, assuming the flat cosmological model (q 0 = 1/2) with H 0 = 75kms −1 Mpc −1 and the model describing velocity perturbations in the vicinity of the Virgo Cluster [45] It means, that the galaxy distances are very well and in uniform maner determined. As a result the lists of galaxies belonging to the particular groups are free from the foreground and background objects which is crucial in such type of the analysis. For our study we use only those groups from NBC Catalogue which have at least 40 members.
Methods of the investigations
One should note that two main methods for the study of the galaxy orientation were proposed till now. In the first one [1] the distribution of the position angle of the galactic image major axis was analyzed. The second approach is based on the de-projection of the galaxy images, where the galaxy's inclination with respect to the observer's line of sight i is considered. The latter method allowed us to use also the face-on galaxies, in contrast to investigations of the position angles where face-on and nearly face-on galaxies should be excluded from the consideration. This method was originally proposed byÖpik [46] , applied by Jaaniste & Sarr [47] and significantly modified by Flin & God lowski [48, 49, 50, 51, 52, 44 ] (see also [53] ).
In the Tully's NBG Catalogue [35] the inclination angle was calculated according to the formula:
is the ratio of the minor to the major axis diameters and q 0 is "true" axial ratio. Tully used a standard value q 0 = 0.2. Worthy of note is that above formula is the modified Holmberg's [54] formula for oblate spheroids. For each galaxy, two angles are determined: δ D -the angle between the normal to the galaxy plane and the main plane of the coordinate system, and η -the angle between the projection of this normal onto the main plane and the direction towards to the zero initial meridian. Using the Supergalactic coordinate system (Flin & God lowski [48] based on [55] ) the following relations between angles (L, B, P ) and (δ D , η) are hold:
where r = P − π/2.
In order to detect non-random effects in the distribution of the investigated angles: δ D , η and P we divided the entire range of the analyzed angles into 18 bins and carried out three different statistical tests. These tests were : the χ 2 test, the autocorrelation test and the Fourier test [1, 51, 52, 2, 3] .
Let N denotes the total number of galaxies in the considered cluster, and N k -the number of galaxies with orientations within the k-th angular bin. Moreover, N 0,k denotes the expected number of galaxies in the k-th bin. In our case all N 0,k are equal N 0 , which is also mean number of galaxies per bin.
Our first test is the χ 2 test:
where p k is a probability that chosen galaxy falls into kth bin. We divided entire range of a θ angle into n bins, which gives (n−1) degrees of freedom in the χ 2 test. It means that the expected value E(χ 2 ) = n − 1 while variance σ 2 (χ 2 ) = 2(n − 1). For n = 18 the χ 2 test yields a critical value 27.59 (at the significance level α = 0.05). The second auto-correlation test quantifies the correlations between galaxy numbers in neighboring angle bins. The measure of the correlation is defined as:
where N n+1 = N 1 . Hawley and Peebles [1] noted that in the case of an isotropic distribution, we expect C = 0 with the standard deviation σ(C) = n 1/2 . God lowski [3], analysing case that all N 0,k were equal, showed that in these case the expected value E(C) = −1, while critical value for autocorrelation test was C cr ≈ 6.89. The latter value was obtained from numerical simulations using the method described by God lowski [3] .
If deviation from isotropy is a slowly varying function of the angle θ one can use the Fourier test [1, 51, 52] :
we obtain the following expressions for the ∆ i1 coefficients:
Standard deviation of σ(∆ 11 ) and σ(∆ 12 ) is given by expressions:
The probability that the amplitude
is greater than a certain chosen value is given by the formula:
This test was substantially improved by God lowski for the case when higher Fourier mode is taken into account:
.). (13)
In this case the amplitude ∆ instead ∆ 1 is considered. When we investigate simple case of position angles distribution, ∆ 2 is given by simple formula:
22 (see [52, 3] for details). The isotropy of the resultant distributions of the investigated angles was also analyzed by Kolmogorov-Smirnov test (K-S test). We assumed that the theoretical, random distribution contains the same number of objects as the observed one. In order to reject the H 0 hypothesis, that the distribution is random one, the value of observed statistics λ should be greater than λ cr = 1.358 (for α = 0.05). However one should note, that especially in the case of position angles, the number of analyzed galaxies is sometimes small and does not satisfy theoretical tests conditions. That is the reason we repeated our analysis with different numbers of bins, and revealed insignificant differences in these cases.
The results
The results were presented in the Tables 1-20 . At first, we analyzed the orientation of galaxies in Tully's groups using, for obtaining δ D and η angles, inclinations angles taken directly from NBG Catalogue [35] (sample A). These results were shown in the Tables 1-9. For the sample of All galaxies the analysis of the supergalactic position angles has shown that only one group (61) exhibits the alignment of galaxies. Analysis of the distribution of the angles giving spatial orientation of galaxies (δ D and η) seems to show a weak alignment. For δ D angle the tests showed that distributions can be non random in the case of the clusters 11, 31, 51 41 and 52. For η angle we found a possible alignment in the case of clusters 11, 12, 41, 52, 64, 31 and 51. However, in the paper by God lowski [4] it was shown that this alignment is disappeared when we avoid the assumption that the "true" axial ratio is q 0 = 0.2, which is a rather poor approximation, especially for non-spiral galaxies. Because of the NBG Catalogue contains morphological types of galaxies it allowed us to use different values of q 0 depending on morphological type [37] . With help by Fouque & Paturel [38] formulae, which convert q to the standard photometrical axial ratios, the new inclination angle i for all galaxies in NGB catalogue was computed. The results of our investigations for that "new" sample of galaxies (sample B) are presented in Tables 10-18 . Please note that above procedure do not change the position angles of galaxies, instead of the case of position angle P , sample B is related to only those galaxies were the certainly measured angles were taking into account.
Returning to the analysis of samples A divided according to morphological type, we do not find any alignment for spiral (SP ) galaxies while for sample of nonspiral (NSP ) galaxies we found non randomness in the distributions of δ D and η angles for fifth and seventh groups respectively. During analysis of the sample B we observed disappearing of the alignment. For position angles P we do not observe any alignment. During analysis the δ D angle for spiral galaxies we observed an alignment for the group 53 while for non-spiral we observed alignment for groups 11 and 51. In the case of the η angle the non randomness was observed in two groups for All galaxies (groups 11 and 41) and in four groups (11, 14, 42 and 52) for non-spiral galaxies. It confirms God lowski' [4] conclusion that any possibly observed alignment for the galaxies in sample A is caused by the reason of the wrong assumption the "true" axial ratio especially for non-spiral galaxies.
For more detailed analysis we used the method described in [3] . Our question is, whether we could say that we found an alignment in the whole analyzed sample of 18 Tully's groups of galaxies or not. So we computed the mean value and the variance of analyzed statistics: χ 2 , ∆ 1 /σ(∆ 1 ), ∆/σ(∆) (i.e. the same statistics were analyzed in [2]) for our sample of 18 groups and compared them with the results of numerical simulations. We performed 1000 simulations of 18 fictious clusters, each with a number of randomly oriented, galaxy's members, the same as in real clusters separately for All (see [4] ), for spiral, and for non-spiral galaxies. In the Table  19 we presented average values of the analyzed statistics, their standard deviations, standard deviations in the sample as well as their standard deviations for distribution of P angles, obtained from numerical simulations . One should note, that there are some differences in the results of numerical simulations for P , δ D and η angles but it does not change our further conclusions.
The mean values and variance of analyzed statistics for sample of real clusters were presented in the Table 20 . It shows that (for sample A) analysis of the position angles for All and spiral galaxies does not show a significant deviation from the values expected in the case of random distributions, while marginal effect is observed for non-spiral galaxies. The analysis of δ D and η angles shows the existence of alignment at the 2σ level (with exception of ∆/σ(∆) statistics for δ D angle) for subsample of All galaxies and even stronger effect for non-spiral galaxies. The spiral galaxies do not show this effect. For the sample B generally we do not observe the deviation from the values expected in the case of random distributions. The above results allowed us to conclude that we did not observe any significant alignment for Tully's groups of galaxies.
Discussion and conclusions
In the present paper an investigation of the orientation of galaxies inside 18 Tully's groups of galaxies belonging to the Local Supercluster divided according to morphological type was performed. We do not find any significant alignment in the orientation of galaxies in the analyzed groups of galaxies. As a result we concluded that the orientations of galaxies in the Tully's groups are random. Presence of a possible weak alignment for spiral galaxies needs more investigations in the future. We also analyzed observational effect generated by the process of deprojection of galaxies found by God lowski and Ostrowski [36] , which masks to the high degree any possible alignment during analysis of the spatial orientation of galaxies in clusters. We confirmed God lowski's suggestion [14, 4 ] that this effect is because of wrong aproximation of the "true shape" of galaxies, especialy for non-spiral galaxies. We've shown that using "true shape" of galaxies q 0 depending on morphological type according to Heidmann et al. [37] with help of Fouque & Paturel [38] corrections of q to standard photometrical axial ratios, allowed us to avoid this problem. This gives much more powerful investigation of the spatial orientation of galaxies.
Our results, lack of the alignment for less masive galaxies structures together with results of our previous papers [30, 31, 44, 14 , 3] confirms our suggestion that alignment of galaxies increases with the mass of the structures [15, 14] . Similar result was also obtain by Aryal et al. [16] based on the series of theirs papers [56, 57, 58] . In our opinion the observed relation between the richness of galaxy cluster and the alignment is due to tidal torque, as suggested by [59] , however it is also in agreement with prdiction of the Li model [60] in which galaxies form in the rotating universe.
It should be noticed that Gonzalez and Teodoro [29] interpreted the alignment of just the brightest galaxies within a cluster as an effect of action of gravitational tidal forces. Recently, there have been also some attempts to investigate galaxy angular momenta on a large scale. Paz, Stasyszyn and Padilla [61] analysing galaxies from the Sloan Digital Sky Survey catalogue found that the galaxy angular momenta are aligned perpendicularly to the planes of large-scale structures, while there is no such effect for the low-mass structures. They interpret this as consistent with their simulations based on the mechanism of tidal interactions. Jones, van der Waygaert and Aragon-Calvo [62] found that the spins of spiral galaxies located within cosmic web filaments tend to be aligned along the larger axis of the filament, which they interpreted as "fossil" evidence indicating that the action of large scale tidal torques effected the alignments of galaxies located in cosmic filaments.
In the commonly accepted ΛCDM model, the Universe deems to be spatially flat, as well as homogeneous and isotropic at appropriate scale. In this model the structure were formed from the primordial adiabatic, nearly scale invariant Gaussian random fluctuations [63, 64, 65] . This picture is in agreement with both the numerous numerical simulations [66, 67, 68, 69] and the observations. Usually, dependence between the angular momentum and the mass of the structure is presented as the empirical relation J ∼ M 5/3 [70, 71, 72, 73, 61, 74] , for rewiev see also [75] . In our opinion, it is due to tidal torque, as suggested by [76, 59] . Also [77, 78] analysing of the linear tidal torque theory noticed the connection of the alignment with the considered scale of structure. However, another possibilities, as Li model [60] for example, are also not excluded. Table 6 : Test for isotropy of the orientations of galaxy plane. The distribution of the angle η of galaxies, NSP galaxies, inclination was taken directly from NGC Catalogue. angle group χ Table 8 : Test for isotropy of the orientations of galaxy plane. The distribution of the angle P of galaxies, SP galaxies. angle group χ Table 18 : Test for isotropy of the orientations of galaxy plane. The distribution of the angle P of galaxies, NSP galaxies. Only galaxies with certain measure P are taken into account. angle group χ 2 C P (∆ 1 ) P (∆) 
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